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(54) Method for operation of an air prepurif ier whicli talces into account inlet air conditions 



(57) A pressure swing adsorber air prepurifier 
includes at least first and second adsorbers and a con- 
troller for controlling air feed to the adsorbers. The 
invention is a "realtime" method for controlling cycle 
times for each adsorber and includes the following 
steps. During a deternrdned time period, flow is meas- 
ured to an adsorber that Is coupled to an air inlet. An 
actual totalized flow to the on-line adsorber is accumu- 
lated, based upon the measured flow values. During 
this time, air feed conditions are monitored and periodi- 
cally, a maximum totalized flow to the adsorber is calcu- 
lated, determined, at least in part, based upon the 
monitored air feed conditions. Periodically, the actual 
totalized flow value is compared to a current calculated 
maximum totalized flow value and upon a predeter- 
mined relationship therebetween being reached, the on- 
line adsort>er is decoupled from the air inlet and another 
adsorber is coupled thereto. 



CLEAN AIR 
109 4 



.PURGE 




VENT ' 



TO VALUES 



AIR 



CM 
< 



RG. lA 



CM 
CO 

LO 
CM 

a> 
o 

Q. 
LU 



Printed by Xerox (UK) Business Services 
2.16 7/36 



S0OCID;<EP_ 092582lA2J.> 



EP0925 821 A2 



Description 

FIELD OF THE INVENTiON 

5 [0001] This invention relates to air prepurifiers that are used with cryogenic air separation plants and, more particu- 
larly, to an inriproved method for control of an air prepurifier which takes into account various air inlet conditions and 
adjusts the operation of the air prepurifier accordingly. 

BACKGROUND OF THE INVENTION 

10 

[0002] Cryogenic air separation plants require a source of clean, dry air for sustained and safe operation. This means 
that the moisture and cart)on dioxide in the plant feed air must be renrxived to a very low level. Such removal reduces 
the problem of heat exchangers becoming plugged with ice and solid carbon dioxide, an occurrence which can prema- 
turely cause plant shutdown. Further, any hydrocarbons contained in the feed air need also to be removed. 

IS [0003] Feed air can be cleaned of contaminants by adsorption. Thermal swing adsorption (TSA) and, more recently, 
pressure swing adsorption (PSA) systems have been used for contaminant removal. TSA air prepurifier systems used 
in air separation plants have relatively long cycle times (measured in hours) and blowdown losses between cycles are 
thus relatively insignificant. By contrast, PSA cycle times are relatively short (measured In minutes) and their more fre- 
quent blowdowns represent a relatively significant loss of pressurized feed air. In addition, during cycle changes there 

20 is an accompanying upset in the process: This upset requires a finite amount of time to counteract, causing further 
losses in efficiency. 

[0004] The design of a PSA prepurifier system is generally based upon given conditions for a particular application 
or, more specifically, a given air separation plant under design. The design conditions are conservatively chosen so that 
a desired rate of product can be produced under most of the expected ambient conditions. A fixed time cycle is gener- 
25 ally chosen to fit these conditions as closely as possible. Naturally, the actual conditions of operation will vary, day to 
night, day to day, and season to season. 

[0005] All of these variations affect the performance and efficiency of operation of the PSA prepurifier. The cycle time 
can be adjusted somewhat from time to time. However, in actual practice this is frequently not done or Just overlooked. 
Thus the design of the system will often provide for larger beds than would actually be required for a normal or average 

30 day. A certain amount of the bed will thus remain unused for many cycles. This results in higher capital cost and also in 
higher operating costs because of a higher frequency of cycling, with greater blowdown losses. 
[0006] The use of PSA air prepurifiers for cryogenic air separation plants is well established. As indicated above, pre- 
purifier cyde times are generally fixed and are based on assumptions regarding ambient and equipment parameters. 
Thus, calculations of adsorptrve capacity based on total air flow and keyed on the breakthrough of carbon dioxide are 

35 used to determine cycle time for a particular application. Further, to be conservative, the calculations are based on an 
assumption of the hottest day temperature. Such calculations result in a fixed cyde time during which only a portion of 
the adsorptive capadty of the bed is used. Once the fixed cycle time was established, it thereafter remained constant. 
[0007] An example of a timed-cycle PSA system may be found in U.S. Patent 5 042 994. Smolarek, J.. "Improved 
Control of PSA Operations". The Smolarek process uses a variable volume nitrogen product storage vessel that is mon- 

40 itored to determine variations in demand. The cyde is adjusted during periods of reduced demand to maintain the 
desired product purity and pressure with power reduction and energy savings being achieved under turndown condi- 
tions. 

[0008] Another example of a time-controlled PSA system is found in U.S. Patent 4.810.265, Lagree et al., "Pressure 
Swing Adsorption Process for Gas Separation". This is an Improved PSA process which enables the more readily 
45 adsort>at)le component of a feed gas to be economically recovered, e.g. nitrogen from air. The more readily adsorbable 
component is used as a copurge at an upper adsorption pressure and less readily adsorbable component is used for 
countercurrent purge at a subatmospheric desorption pressure and for initial repressurization in a countercun-ent tsack- 
f illing step. The sequence of operations is time-controlled. 

[0009] U.S. Patent 5,258,056, Shirley. A.I., "PSA System with Product Turndown and Purity Contror describes a con- 
so trol system which maintains a desired purity while adjusting for changes in product demand in a PSA system. A sensing 
device detects a change in product gas demand, the signal from which is compared to a standard which then varies the 
feed rate of the gas entering the system. 

[0010] U.S. Patent 4,725.293. Gunderson. J.. "Automatic Control for Pressure Swing Adsorption System" describes 
a PSA system which uses a constant cycle time and a control system to modify air input flow to insure that the produced 
55 nitrogen contains only a preselected range of impurity (consisting essentially of oxygen) and to keep the output flow of 
nitrogen relatively high. 

[001 1] U.S. Patent 4,693,730, Miller G.Q., "Pressure Swing Adsorption Product Purity Control Metiiod and Apparatus" 
describes a method for automatically controlling product purity in a PSA process, tiius preventing impurity breaWhrough 
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as feedstock changes. The process senses a cl^racteristic of the effluent from concun^ent depressurization and takes 
conecttve action. Among suitable corrective actions are: 1) adjusting adsorption step time to control impurity loading of 
each bed; 2) adjusting the concurrent depressurization termination pressure to control impurity breakthrough at the 
product end of each bed and/or 3) adjusting the amount of purging gas received by each bed to control the extent of 
5 regeneration. 

[0012] EPA 250235, Arnrand, J. W. et al., "Improvements in and Relating to PSA Oxygen Generating System" 
describes a system which senses oxygen concentration at the outlet of adsorption beds, while producing oxygen. An 
oxygen sensor output, located close to the outlet of each bed. varies with time as a function of the exhaustion of a bed. 
The control system monitors the oxygen concentration with time to determine the time to switch beds. 
10 [001 3] Accordingly, it is an object of the invention to provide an improved method for control of the cyde time of a PSA 
air prepurif ier. 

[0014] It is a further object of the invention to provide a method for control of the cycle time of a PSA air prepurif ier 
wherein substantially continuous control is exerted in dependence upon inlet air feed parameters. 
[001 5] It is a still further object of the invention to provide a method for control of the cycle time of a PSA air prepurif ier 
75 which enables a maximal use of adsorbent beds during cycle times. 

SUMMARY OF THE INVENTION 

[0016] A pressure swing adsort>er (PSA) air prepurif ier includes at least a first adsorber and a secorKl adsorber and 
20 a controller for controlling air feed to the first adsorber and the second adsorber The invention is a **real time" method 
for controlling cyde times for each adsorber and includes the following steps. During a determined time period, flow is 
measured to an adsorber that is coupled to an air inlet. An actual totalized flow to the on-line adsorber is accumulated, 
based upon the measured flow values. During this time, air feed conditions (e.g., temperature, pressure, relative humid- 
ity) are monitored and periodically, a maximum totalized flow to the adsorber is calculated, determined, at least in part. 
25 based upon the monitored air feed conditions. Periodically, the actual totalized flow value is compared to a current cal- 
culated maximum totalized flow value and upon a predetermined relationship therebetween being reached, the on-line 
adsorber is decoupled from the air inlet and another adsorber is coupled thereto. The method for controlling cycle times 
for each adsorber also will take into consideration: variations in load demand, purge to feed ratio and upsets which 
occur on switching of adsorber beds 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] 

35 Fig. 1 A is a schematic diagram of a PSA prepurif ier which incorporates the invention. 

Fig. 1 B is a high level logic flow diagram illustrating the metiiod of the invention. 

Fig. 2A is a plot of loading vs. bed length at the end of a fixed time controlled cycle. 

Fig. 2B is a plot of loading vs. bed length at the erxJ of a cycle that is controlled in accord with the invention. 

Fig. 3A is a plot of air flow to bed vs. time at the end of a fixed time controlled cycle. 
40 Fig. 38 is a plot of air flow to bed vs. time at the end of a cycle that is controlled in accord witii the invention. 

Fig. 4A is a plot of pressure at bed inlet vs. time at tiie end of a fixed time controlled cycle. 

Fig. 4B is a plot of pressure at bed inlet vs. time at the end of a cycle that is controlled in accord with the invention. 

Fig. 5A is a plot of seasonal variation of average high temperature at the prepurif ier inlet. 

Fig. 58 is a plot of diurnal variation of average high temperature at the prepurifier inlet. 
45 Fig. 6 is a plot of con-elation of feed temperature with cyde time to cait>on dioxide breakthrough for a steady toad 

operation. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 

50 [0018] A PSA prepurifier system incorporating the invention is shown in Fig. 1A. Air from an air compressor after- 
cooler (not shown) is admitted to the system through piping 101 and directed to a controlled valve 103 by way of piping 
103. The air is fed into adsorber A through piping 106. Water, carbon dioxide and hydrocartx^ns in the feed air are 
removed by the adsorbents in adsorber A. each preferably to less than 1 ppmv. The dean air then passes through piping 
107. check valve 108. piping 109 and piping 1 10 for delivery to the heat exchange system of a cryogenic plant. 

55 [0019] At the same time, tow pressure purge gas at about ambient temperature from the heat exchange system is 
brought into the PSA system tfirough piping 119. 120 and check valve 121, It is then delivered to adsorber 8 where the 
contaminants are desorbed. The waste gas leaves adsorber 8 by way of piping 1 15. 113. and conti-olled valve 1 14 for 
venting to the atmosphere. Upon cycle change, adsort^er B removes the contaminants from the feed air while adsorber 
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A is being regenerated. 

[0020] The invention provides a means of minimizing the depressurization losses in PSA prepurifiers by varying the 
cyde times so that the full adsorplive capacity of each prepurilier bed is used. The adsorptive capacity of a bed is deter- 
mined by the quantity and characteristics of the adsorbent material, the contaminants to be removed from the air. the 

5 flow and physical parameters of air through the bed and the purge-to-aIr flow ratio. For any given PSA system contain- 
ing a known amount of adsorbent material, or combination of adsorbent materials, the adsorbent capacity can be deter- 
mined for a given flow through the bed. knowing the temperature, pressure and humidity at the inlet to the bed. The total 
flow may then be determined at which point a key component (e.g.. cartx)n dioxide) will begin to appear in the outlet 
effluent in concentrations well below the allowable operating limit, typically less than 1ppm, (i.e.. "breakthrough"). 

10 [0021] In accordance with the invention, the maximum totalized flow into an adsorber bed (which will determine the 
cyde time for a given sized PSA Prepurif ier unit) is adjusted in accordance with the air feed temperature, pressure and 
relative humidity. In addition, it is also affected by the purge-to-feed ratio ard the concentration of hydrocarbons and car- 
bon dioxide in the air feed stream. An empirically determined procedure that determines the totalized flow based on 
these variables is used to determine the maximum totalized flow that can be passed though a bed before it must be 

15 regenerated. 

[0022] To enable control in accord with the above, a controller 130 receives temperature (T), pressure (P) and relative 
humidity (H) inputs from a sensors module 132 that is positioned in inlet piping 101. A flowmeter 134 provkjes a gas 
flow value input to controller 130. Further. Controller 130 is provided with a plurality of outputs 136 which connect to the 
various controlled valves (not shown) to enable cycle control of the system. 

20 [0023] As shown in the flow diagram of Fig. 1 B, during operation, controller 1 30 calculates a maximum totalized flow 
each minute (for example), based on the prevailing operating conditions (box 150). The actual flow value accumulated 
during this minute by controller 1 30 is stored (box (1 52). When the running total of the actual flow is approximately equal 
to the running total of the maximum totalized flow, or is found to have a predetermined relationship with respect thereto 
(decision box 154), the on-line adsorber bed is taken off-line by signals impressed on outputs 136 from controller 130 

25 (box 156). At such time, valving is operated to divert the inlet air flow to the previously off-line adsorber bed which 
becomes the on-line adsorber bed (box 158). The now off-line bed is then regenerated and the cyde repeats. 
[0024] The method of the invention accommodates changes in air feed temperature, air pressure and relative humid- 
ity, even though relatively small, during a 5 to 25 minute cycle, while still allowing tor daily and seasonal variations in 
temperature which can be quite significant. Thus, the method takes into account daily as well as seasonal changes in 

30 operating conditions and plant demand and accrues economic advantages under all conditions. Air feed conditions are 
monitored to ascertain the moisture content of air being fed into the adsorber. By utilizing the maximum adsorptive 
capadty of the adsorber bed. the frequency of cycle changes is correspondingly minimized. This thereby reduces the 
amount of process air lost on blowdown and improves operating efficiency. 

[0025] The purge-to-air ffow is controlled, based on the air flow and the column recovery, to matoh the particular 
35 demand of the plant. This insures that the bed is properly and effidently regenerated for a next cycle. 

[0026] Every time the cycle switches, there is a variation in the pressure delivered to the air separation unit. This var- 
iation affects the performance of the unit and in particular the distillation system. A finite amount of time is required for 
the distillation columns to recover from the disturbance and the resulting upset must be compensated by an adjustment 
of the product flow and purity. By antidpating the cyde change and ensuing disturt>ances. controller 1 30 is able to max- 
40 imize the air available to the plant to minimize the effect of the cycle change. This action helps to stabilize the air flow 
during cycle changes. 

[0027] The invention lends itself well to changes in demarxl for product. If the load on the air separation plant is 
reduced, controller 130 is signaled to recognize the reduced demand and. in response, extends the cycle time of the 
on-line adsorber bed until that bed is loaded up to the maximum, as determined by the totalized air flow. Again this 

45 reduces the blowdown losses to a minimum and thus reduces costs. 

[0028] The operating inprovement obtained by the invention is demonstrated graphically by the following Figs. Rg. 
2A shows the condition of an adsorber bed at the end of a fixed-time controlled cycle, as in the prior art. The ordinate 
gives the loading of water and carbon dioxide on the adsorbent, plotted against the length of the bed. The left hand por- 
tion of the loading curves shows the saturated condition of the bed with respect to both water and carbon dioxide from 

so the inlet of the bed to the active zones. The loading curves drop off steeply and then asymptotically approach zero. 
[0029] The useful life of the bed is determined by the loading of cart>on dioxide. The area to the right of the active 
zone of the carbon dioxide curve represents the adsorbent that remains unused at the end of the cyde. As can be seen, 
the unused portion represents a significant portion of the total bed. 

[0030] Fig. 28 presents the operation of the PSA system having a cycle controlled in accord with the invention. The 
55 inlet conditions to the bed are identical to those given for Fig. 2 A. The cycle time is controlled by the flow, pressure, tem- 
perature an6 humidity of the air to the inlet of the bed. In this case the unused portion of the bed has been significantly 
reduced. The method of the invention permits the adsorber bed to be loaded to the maximum so that the toe of the load- 
ing curve is still below the limit established for the concentration of the carbon dioxide in the effluent. 
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[0031 ] By totalizing the air flow to the prepurif ier. the method permits optimum operation for all inlet conditions of the 
adsorber bed, including variations in airflow. Thus the changes in the load on the plant can easily be followed while still 
maintaining the same high efficiency. By this mode of operation, the frequency of cycle changes is minimized and thus 
the blowdown losses are likewise reduced to a minimum. A corresponding reduction in power cost is also obtained. 

5 [0032] Figs. 3A and 3B present the air flow to the PSA adsorber beds. Fig. 3A gives the air flow under a fixed time- 
controlled cycle, as in the prior art. Between cyde changes, the air flowing from the prepurif ier is relatively steady. How- 
ever, at the cycle change, the air flow suddenly drops because of the of the requirement to repressurize one of the beds. 
The compressor reacts by supplying more air to the prepurifiers. A finite amount of time is required for this to occur. 
Thus, the initial result is a drop in flow followed by a rapid increase in flow and finally an overshooting of the desired flow. 

10 The required flow is thereafter reestablished. This sequence of events causes an unstable condition in the distillation 
section of the air separation plant which must be compensated. 

[0033] The improvement brought about by the incorporation of the invention is demonstrated by Fig. 38. The inlet con- 
ditions to the bed are identical to those given for Fig. 3A. The first notat>le change is the increase in cycle time. This 
brings about a decrease in the potential for upsets In the distillation system. Controller 130 is programmed such that the 
75 flow of the air compressor is increased just prior to the cycle change Thus a larger quantity of air is available to repres- 
surize the adsorber bed at cycle change. Likewise, controller 130 is programmed to reduce the flow back to that 
required so that overshooting is minimized. Thus, a minimized flow di5turt>ance coupled with an increased cycle time 
provides for a smoother and more efficient mode of operation. 

[0034] The sequence of pressurization actions is depicted in Rgs. 4A and 4B. These two figures are based on iden- 
20 tical inlet conditions to the adsorber beds. Fig. 4A shows the pressure at the inlet to the adsorber bed based on a fixed 
time controlled cycle of the prior art. The adsortDer bed Is initially pressurized rapidly up to operating pressure. The on- 
line adsorber bed then maintains a steady pressure during the adsorption phase of the cycle. At the end of the fixed- 
time cycle, the pressure rapidly drops to a low value, at which time purge gas is admitted for regeneration. At the end 
of the purge period, the adsorber bed is again repressurized to repeat the cycle. 
25 [0035] The plot of Fig. 4A can be compared directiy with Fig. 4B which shows the operation under the continuously 
controlled cycle in accord with the invention. The same sequence of operations is carried out. however, the duration of 
the cycle is extended because of the full utilization of the adsorbent capacity of the beds. 

[0036] The method of the invention, as used to control cycle times, can be based on any one or more of the param- 
eters, pressure, temperature, humidity, or air flow to the PSA prepurif ier. However, the greatest improvement (and most 

30 preferred method) accrues when all four of the parameters are incorporated into the control methodology. 

[0037] The design of a PSA prepurif ier system in accord with the invention generally proceeds in the following man- 
ner. The normal or average ambient conditions are noted for the geographical location of the plant. Also considered are 
the ambient conditions of the hottest day expected. The plant must be capable of producing the design quantities of the 
desired products under these relatively severe conditions. This then establishes the temperature, pressure, moisture, 

35 and carbon dioxide parameters for the design of the PSA prepurrfier. These conditions enable the size of the adsorber 
beds to be determined. 

[0038] This invention avoids the problems of the prior art wherein a significant portion of the adsorptive t^ed is not 
used (when its operation is t)ased on a fixed time cycle). The amount of unused bed will vary with the operating condi- 
tions which are not taken into account with a fixed time cycle. Operating with a cycle based on a method that considers 
40 the flow of feed air, along with its pressure, temperature and humidity, allows a maximum amount of the bed to be effi- 
cientiy used without jeopardizing the safe and continued operation of the plant. This extends tiie time of the cycle, 
thereby reducing the frequency of blowdowns. Since there will be less loss of air. the operating costs are reduced. The 
invention further permits the PSA system to be economically sized, tfiereby minimizing boUi capital and operating costs. 



45 EXPERIMENTAL 



[0039] The following examples are based on actual tests conducted on a PSA prepurrfier operated over a wkle range 
of conditions. The adsorbent beds of the PSA prepurrfier were composites of activated alumina and sodium Y molecular 
sieve. The Performance data collected included inlet temperature and pressure, specific loading rates, i.e. cubic feet per 
50 hour per square foot of bed cross section, purge-to-feed ratios, cart>on dioxide and acetylene concentrations at various 
levels in the beds, and resulting cycle times to breakthrough at the outlet of the bed. 

[0040] The improvement in operation resulting from the use of the method of the invention is based on diurnal as well 
as seasonal temperature variations in the feed to the beds. Both of those temperature variations are dependent upon 
the specific plant location, however, the following data depicts a typical plant having a diurnal temperature swing of 12 
55 degrees Fahrenheit, and a seasonal temperature variation of 52 degrees Fahrenheit. Both temperature swings, diurnal 
and seasonal, are essentially sinusoidal in nature and are shown in Figs. 5A and 5B. Fig. 5B reflects the daily temper- 
ature variations that would be experienced during the hottest day in July. 

[0041] It should be noted that the temperatures shown in tiie graphs are the actual temperatures of the air being fed 
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to the prepurif ier and not ambient temperatures. The air feed to the prepurifier has been compressed and then after- 
cooled prior to being fed into the prepurifier. The feed temperatures reflect the performance of the aftercoolers and the 

cooling system on the process air. 

[0042] The following table depicts operation under steady load conditions and presents operating data from which the 
5 improved operation of the invention may be seen. 
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Design Conditions 


Maximum Improvement 
Using the Invention 


Average Improvement 
Using the Invention 




Air Inlet Temp to Prepurifier, deg. F 


115 


57 


85 




(Avg. daily high) 








15 


Cycle Time. Min. 


17.6 


32.2 


28.2 



[0043] The correlation of feed temperature with cycle time to carbon dioxide breakthrough (0.5 ppm) is shown for 
steady load operation, in Fig. 6. 

[0044] Operating a PSA prepurifier system using the method of the invention to determine the cycle time will optimize 
20 the use of the adsorber beds when accounting for seasonal changes. Cycle times calculated based on the method, with 
average daily temperatures and seasonal temperature changes as shown in Fig. 5A, rather than setting the cycle time 
for hottest day operation, shows that an average cycle time would be 38 per cerrt longer over a period of a year. 
[0045] Diurnal changes are followed accurately by the method. Operational improvement with the method following 
the diurnal changes shown in Fig. 5B account for an additional 11 per cent improvement in cycle time, over and above 
25 the seasonal improvement. 

[0046] Another parameter that influences the loading of the beds is the purge to feed ratio. This parameter is also 
included in the method to control the cycle time. If operation at a purge to feed ratio of 40 per cent is raised to 50 per 
cent there is an accompanying improvement in cycle time of about 30 per cent Also if the bed temperature is high (such 
as in summer), less purge flow is needed to remove the bed impurities or, if it is desired to further reduce the cycle time, 
30 an unchanged purge feed will lead to a still shorter cycle time. The availability of the purge stream can easily be followed 
by controller 130. 

[0047] Load changes will also affect the life of the adsorber beds. If, for example, the air separation plant is operated 
at about 80 per cent load, the use of the method in the control of the cyde time improves the cycle time by about 20 per 
cent. 

35 [0048] It should be understood that the foregoing description is only illustrative of the invention. Various alternatives 
and modifications can be devised by tiiose skilled in tiie art without departing from tiie invention. Accordingly, the 
present invention is intended to embrace all such alternatives, modifications and variances which fall witiiin tiie scope 
of the appended claims. 

40 Claims 

1 . A method for control of cycle time of a pressure swing adsorber (PSA) air prepurifier which includes at least a first 
adsorber and a second adsorber and controller means for controlling air feed to said first adsorber and said second 
adsorber, said method comprising the steps of: 

45 

a) measuring flow during a determined time period to one said adsorber that is coupled to an air inlet; 

b) accumulating an actual totalized flow to sakl one saki adsorber, based upon measured flow values obtained 
in step a); 

c) monitoring air feed conditions; 

so d) periodically calculating a maximum totalized flow to said one said adsorber, said maximum totalized flow 

determined, at least in part, based upon said air feed conditions; and 

e) periodically comparing an actual totalized flow value to a calculated maximum totalized flow value and upon 
a predetermined relationship being reached therebetween, decoupling said one said adsort>er from sakJ air 
inlet and coupling a second said adsorber to said air inlet. 

55 

2. The method as recited in claim 1 . wherein said determined time period is less than a duration of a cycle of applica- 
tion of air to an adsorber. 
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3. The method as recited in claim 2, wherein said air feed conditions that are monitored include at least one of a tem- 
perature of air being fed to said adsorber, a pressure of air being fed to sakj adsorber and a relative humidity of air 
being fed to said adsorber. 

5 4. The method as recited in claim 1 . wherein said predetermined relationship of step e) is approximate equality. 

5. A system for control of cycle time of a pressure swing adsorber (PSA) air prepurif ier that receives air from an air 
inlet, comprising: 

10 a first adsorber and a second adsorber; 

means for measuring flow during a determined time period to one said adsorber that Is coupled to said air inlet; 

means for monitoring air feed conditions to said first adsorber and said second adsorber; 

controller means tor controlling air feed to said first adsorber and said second adsorber, said controller means 

15 (i) accumulating an actual totalized flow to said one said adsorber. t>ased upon measured flow values 

determined by inputs from said means for measuring; 

(ii) periodically calculating a maximum totalized flow to said one said adsorber, said maximum totalized 
flow determined, at least in part, based upon said air feed conditions; and 

(ill) periodically comparing an actual totalized flow value and upon a predetermine relationship being 
20 reached therebetween generating a signal to cause a decoupling of said one said adsorber from said air 

inlet and coupling of a second said adsort>er to said air inlet. 

6. A method for control of cycle time of a pressure swing adsorber (PSA) air prepurifier which includes a least a first 
adsorber and a second adsorber and controlled means for controlling air feed to said first adsorber an said second 

25 adsort)er. said method comprising the steps of 

a) measuring flow during a determined time period to one said adsorber that is coipled to an air inlet; 

b) accumulating an actual totalized flow to said one said adsorber, based upon measured flow values obtained 
in step a); 

30 c) monitoring air feed conditions; 

d) based at least in part on said totalized flow, decoupling said one said adsorber from said air inlet and cou- 
pling a second said adsorber to said air inlet: and 

e) based upon a condition of said one said adsorber, adjusting purge gas flow to said one said adsorber to 
reduce the time needed to ready said one said adsoit>er for a next cycle. 

35 

7. The method as recited in claim 6. wherein step e) monitors a temperature of said one said adsorber and adjusts 
said purge flow in accordance therewith. 

8. The method as recited in claim 6. wherein step e) causes said purge flow to increase if said temperature is deter- 
40 mined to fall and to decrease said purge flow if said temperature is determined to rise. 

9. A method as recited in claim 1 . comprising the further steps of: 

f) monitoring of customer demand for product air; and 

45 g) based at least in part on said customer demand, adjusting flow of said air feed to said one said adsorber to 

extend the time before said decoupling occurs of said one said adsorber from said air inlet and S€ud coupling 
occurs of said second said adsorber to said air inlet. 
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